The microbiome has been implicated in the development of colorectal cancer (CRC) and inflam-17 matory bowel diseases (IBD). The specific traits of these diseases vary along the axis of the 18 digestive tract. Further, variation in the structure of the gut microbiota has been associated 19 with both diseases. Here we profiled the microbiota of the healthy proximal and distal mucosa 20 and lumen to better understand how bacterial populations vary along the colon. We used a 21 two-colonoscope approach to sample proximal and distal mucosal and luminal contents from the 22 colons of 20 healthy subjects that had not undergone any bowel preparation procedure. The 23 biopsies and home-collected stool were subjected to 16S rRNA gene sequencing and Random 24 Forest classification models were built using taxa abundance and location to identify microbiota 25 specific to each site. The right mucosa and lumen had the most similar community structures of 26 the five sites we considered from each subject. The distal mucosa had higher relative abundance of 27 Finegoldia, Murdochiella, Peptoniphilus, Porphyromonas and Anaerococcus. The proximal mucosa 28 had more of the genera Enterobacteriaceae, Bacteroides and Pseudomonas. The classification 29 model performed well when classifying mucosal samples into proximal or distal sides (AUC=0.850). 30 Separating proximal and distal luminal samples proved more challenging (AUC=0.580) and specific 31 microbiota that differentiated the two were hard to identify. By sampling the unprepped colon, we 32 identified distinct bacterial populations native to the proximal and distal sides. Further investigation 33 of these bacteria may elucidate if and how these groups contribute to different disease processes 34 on their respective sides of the colon. 35 Words: 259/260 36 Keywords: microbiome; colon cancer; proximal and distal colon 37 38
Introduction
Sample collection 116 At a baseline visit, subjects gave consent and were given a home collection stool kit (Zymo) . At 117 least one week prior to the scheduled colonoscopy, subjects collected whole stool at home and 118 shipped the samples to a research coordinator on ice. Notably, subjects did not undergo any bowel 119 preparation method prior to sampling. On the procedure day, subjects reported to the Michigan 120 Clinical Research Unit at the University of Michigan Health System. Subjects were consciously 121 sedated using Fentanyl, Versed and/or Benadryl as appropriate. A flexible sigmoidoscope was first 122 inserted about 25cm into the colon and jumbo biopsy forceps used to collect the luminal contents. 123 Two luminal samples were collected and the contents immediately deposited into RNAlater (Fisher) 124 and flash-frozen in liquid nitrogen. The forceps were withdrawn and new biopsy forceps were used 125 to collect mucosal biopsies on sections of the colon that were pink and free of stool matter. Three 126 mucosal biopsies were collected and flash-frozen in RNAlater. These samples comprised the distal 127 colon samples. The sigmoidoscope was then withdrawn and a pediatric colonoscope was inserted 128 to reach the proximal colon. Samples were then collected in the same manner as was done in the per sample in order to reduce the effects of uneven sampling bias.
142
Diversity analysis was performed using the Simpson diversity calculator and θ YC calculator metrics 143 in mothur version 1. 39.5 (16) . θ YC distances were calculated to determine the dissimilarity between 144 two samples. Random Forest classification models were built using the AUCRF R package using 145 a leave-one-subject out approach (18) Differences in community membership at the phyla level were tested using the analysis of molecular 156 variance (AMOVA) metric in mothur. Differences in θ YC distances by location were tested using
Results
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Microbial membership and diversity of the proximal and distal colon 165 Luminal and mucosal samples were collected from the proximal and distal colon of 20 healthy 166 individuals who had not undergone bowel preparation (Fig. 1 ). Subjects also collected stool at 167 home one week prior to the procedure. To characterize the bacterial communities present at 168 these sites, 16S rRNA gene sequencing was performed on DNA extracted from each sample. As 169 expected, each site was primarily dominated by Firmicutes and Bacteriodetes ( Fig. 2A) (20) .
170
Samples had varying levels of diversity at each site, irrespective of the individual (Fig. 2B ).
171
For example, the proximal mucosa was more diverse than the distal for some individuals while 172 the opposite was true for others. Therefore we could not identify a clear pattern of changes in 173 microbial diversity along the gut axis.
174
To compare similarity between the proximal and distal sides and within the lumen and mucosa, we 175 compared the community structure of these sites based on the relative abundances of individual 176 Operational Taxonomic Units (OTUs). Across all subjects we observed wide variation when 177 comparing sample locations (Fig. 3A) . Those ranges did not follow a clear pattern on an individual 178 basis. However, when comparing median dissimilarity between the communities found in the 179 proximal lumen and mucosa, the proximal and distal lumen, the proximal and distal mucosa, and 180 the distal lumen and mucosa, we found that the proximal lumen and mucosa were most similar to 181 each other than to the other samples (P < 0.005, Wilcoxon, BH adjustment). 183 Next, we compared the luminal and mucosal samples to the fecal sample of each subject. Amidst 184 the large inter-subject variation, we did identify significantly less dissimilarity between the distal 185 luminal sample and the feces ( Fig. 3B , P < 0.05, Wilcoxon, BH adjustment). Furthermore, there 186 was an even larger difference in the communities found in the distal mucosa compared to the fecal 187 communities, indicating that the mucosa is as different from the stool as compared to lumen (P 188 < 0.0005, Wilcoxon, BH adjustment). These results suggest that the contents of the distal lumen 189 were most representative of the subjects' feces, and the mucosal microbiota are distinct from the 190 fecal and luminal communities.
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Fecal samples resemble luminal samples from the distal colon
191
Interpersonal community variation is greater than the variation between sites 192 To determine what factors may have driven the differences seen among the samples, we compared 193 the community dissimilarity between samples from all subjects (interpersonal) versus samples from 194 within one subject (intrapersonal). We found that samples from one individual were far more 195 similar to each other than to matched samples from the other subjects ( Fig. 3C ); this is consistent 196 with previous human microbiome studies that have sampled multiple sites of the human colon 197 (21-23). Thus interpersonal variation drove the differences between samples more than whether 198 the sample came from the proximal or distal side of the colon or from the lumen or mucosa. 200 To identify OTUs that were distinct at each site, we constructed several Random Forest models 201 trained using OTU relative abundances. We built the first model to classify the luminal versus To get around the noisiness from a diverse set of samples, we built Random Forest classification 264 models to identify the microbiota that were specific to each side and in the lumen and mucosa. For 265 each comparison we identified the top five OTUs that were strongly predictive of one site or another. 266 Generally, OTUs identified in each location were consistent with known physiological gradients along 267 the gut axis (5). For instance, the proximal mucosa contains the highest oxygen concentrations 268 of the colon and harbored mucosa-associated facultative anaerobes such as Actinomyces and
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Random Forest classification models identify important OTUs on each side
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Enterobacteraceae and aerobic Psuedomonas. The distal mucosa was far more likely to host 270 strictly anaerobic species such as Porphyromonas, Anaerococcus, Finegoldia and Peptoniphilus. 271 Thus the gut microenvironment of each location likely enriches for these specific microbiota.
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In addition to identifying features that are specific to each side of the gut, the ability of the 
Peptoniphilus (OTU 129) 
